DEVELOPMENT AL TIMES of many species of poikilotherms as a function of temperature have been described by regression equations (Wagner et al. 1984) . Such regression equations can provide a simple means of calculating developmental times in insect population models or can be used for quantitative comparisons of the effect of temperature on the developmental times of different stages and species of insects. Because temperature affects population trends through its effects on developmental time, fecundity, and survival, such comparisons are extremely important in understanding and predicting differences in the population trends of different species in the same habitat. While extensive published data are available for developmental times of stored-grain insects reared under different temperatures, moistures and diets, for only a few of these studies have regression equations been fitted or have data from different studies been compared. The object of this study was to compare comprehensively the results of these many studies using regression analysis as a means of determining the relative importance and potential interaction of temperature, moisture, and diet as factors influencing insect developmental times for a complex of species occupying a common habitat. Our analysis included egg, larval, and pupal stages of nine species of Coleoptera.
Materials and Methods
Data for the mean developmental times of different stages of nine species of stored-product Co-leoptera obtained under a variety of temperatures, moisture conditions, and diets were compiled from the published literature listed in from Wagner et al. (1984) were fitted to these data. In Equation 1, T is Kelvin temperature and RH025, HA, HH, and TH are fitted parameters. The statistical analysis system (SAS Institute 1982) was used to fit these regression equations, to calculate 95% confidence limits, and to plot graphs. Models were compared using the model comparison procedure of Draper & Smith (1981) . The influence of moisture on development was evaluated by fitting temperature-development equation (1) to data collected at two moisture levels. High and low moisture levels included data collected at > 12% and < 12% moistures, respectively, and represent upper and lower halves of the moisture range for which data are available. Because diet is a discrete variable and not continuous like temperature and moisture, and because so many different diets were used, diet was considered only as part of the residual variance not explained in the regression models by differences in temperature or moisture. The width of the confidence intervals is a measure of the maximum influence diet could have had on developmental time. a The egg, larval, pupal, and total developmental times are indicated by E, L, P, and T, respectively. b Diets included whole wheat (W), cracked wheat (WC), wheat flour (WF), wheat flour plus yeast, other fungi, oats, freeze-killed egg or adult moths or wheat germ (W+), rolled oats (OR), rolled oats plus yeast (0+), corn (C), cracked corn (CC), Brewer's malt (MA), millet (MI), barley (B), rolled barley (BR), and rice (R).
Results and Discussion
The relationship between temperature and developmental times of different stages and species of stored-product insects often found together in the same stored-grain environment was initially modeled using two types of regression equations. Parameters for one of these equations are listed in Table 2 . The nonlinear model consistently fit the data better than the polynomial model and was used for the analyses. Typical differences between the two models are shown for Tribolium confusum Duval in Fig. 1 . Note that as temperatures increased, the polynomial model alternated twice between under-and overestimating developmental times, whereas the nonlinear model predicted more accurately the developmental times over the entire range of temperatures. A single equation is given for more than one species when equations for individual species were not significantly different (Table 2) . Combining data for more than one species reduced the number of equations from 36 to 27. In both the egg and larval stages, the data for three species were combined into one equation, and in the pupal stage, the data for two species were described by one equation and the data for three species by another. Thus, fewer equations were required to describe the development of the pupal stage than any other stage. The model parameter RH025-the developmental rate (ljdevelopmental time) at 25°C-was generally highest for eggs, intermediate for pupae, and lowest for larvae ( Table 2 ).
The predicted and actual mean developmental times with 95% confidence limits are shown for eggs (Fig. 1) , larvae (Fig. 2) , pupae (Fig. 3) , and total development (Fig. 4) . Careful study of the graphs reveals many similarities and differences between species or stages of insects too numerous to mention individually. In general, the rate of decrease in developmental time decreased with increasing temperature. However, at high temperatures, the developmental times of some of the stages and species increased again. For example, high temperatures increased the developmental times of Sitophilus oryzae (L.) eggs (Fig. 1) and Oryzaephilus surinamensis (L.) larvae (Fig. 2) . High temperatures also increased larval developmental times for T. confusum and Cryptolestes ferrugineus (Stephens) (Fig. 2) at low, but not high, moistures. In fact, the tendency for moisture to affect the development of larvae, but not eggs or pupae (Thomas 1940 , Howe 1956a ,b, 1960 , indicates that moisture may be important in altering either the rate of feeding or the efficiency with which feeding larvae can assimilate and convert their diet. Overall, the duration of the larval stage ( Fig. 2) represents a larger proportion of the total developmental time (Fig. 4) than do the other stages ( Fig. 1 and 3) .
The 95% confidence limits include the variation in developmental times attributable to factors other than temperature and moisture. Diet is probably one of the most important factors contributing to this variation. The extent to which the feeding stage (larvae) has wider confidence limits than the nonfeeding stages (eggs and pupae) is an indication of how much diet contributes to developmental times. At most temperatures considered, the relative importance of factors influencing developmental time would be temperature> moisture> diet. However, near each species' optimal developmental temperature, changes in moisture and diet seem to influence their development more than changes in temperature.
Among different species, a developmental stage represented similar percentages of the total developmental time (Table 3) . Averaged over all species, the duration of egg, larval, and pupal stages at 27°C were 15, 66, and 19% of the total developmental times, respectively, at moistures above 12%, and 12, 72, and 15% of total developmental times at moistures below 12%. Similar percentages were found at other temperatures. Lowering the moisture tended to increase the percentage of the total developmental time represented by the larval stage.
Our synthesis based on data from 45 published studies representing over 50 years of work provides an understanding of the relationship between environment and insect development that is important to anyone interested in insects. Many of our conclusions would not have been evident without the extensive quantitative analysis we conducted. This is perhaps the most comprehensive analysis that has been done for such a large group of species commonly found together in the same habitat. From the analysis, one now can see clearly how different environmental factors can have a dominant influence when they are combined in different ways, For each stage, the percentage at 27°C (A) and the range of percentages (B) over a range of temperatures (20, 22, 25, 27, 30, 32, and 35°C) are calculated using the fitted equations in T>lh1p 9. and how the developmental times of different species and stages of insects can differ even in the same environment.
